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Abstract 


Tbs  (001)  sarfsoss  of  Aafla^  aa4  Ailij  iatsrustsllfts  aoayosaOa  ooro 
staOisO  asiag  syasbrotroa  raOiatloa  ssoitoO  aaglo-rosolaoO  gbotosaissioa. 
fgsctra  aollSctaO  for  gbotoslsstroa  saissioa  aocasl  to  tbs  ssaflo  sarfaoos 
asrs  aso4  to  sag  tbs  B  across  b  Oisgsrsioa  rslstloa  of  both  ssuyoaals  sloag 


tbo  A  (fastiy  lias  of  tbo  balk  Brllloala  Boas.  Ibo  rosalts  oboo  that  tbo 
km  90  bsaOs  of  oaab  ssagsaaO  aro  solatia  sly  flat;  bat  tbo  sglittiags  of  tbs 


km  SO  bsaOs  of  ossb  ssagsaaO  aro  rslatiaoly  flat;  bat  tbo  sglittlags  at 
bsaOs  st  P  ars  asarljr  tbo  aaao  as  for  olsaoatsl  Aa.  A  sarfaoo  stato  is 


»at  0  if  bo loo  tbs 


fatal  leasts  of  tbo  boo 


I.  Iatro4astiva 


sorrow lag  la  tki  Hu<  atraatara  af  thaas  aatala. 


Uii|  tka  saargy 


haa4a  af  thaas  aatsriala  at  tka  P  aoiat  af  tka  Brlllsala  Baas  (BE),  akara 
aaak  haa4  rs4asss  ta  a  sftagls  tjrpa  af  ataais  J(  sharastsr,  will  fra* tka 
iatsrsstiag  tafaraatiaa  akoat  tka  Aa  «  iataraatiaaa  aa  a  faaatiaa  af 
prtaarily  iatsratrais  4istaass. 


Aa,  Artij  aad  Ailij  fora  aa  iatsrsstiag  aariaa  af  aatala  far  tka  itUjr 
af  tka  Aa  5A  orbital  a  la  sol  14s.  la  alaaaatal  Aa.  tka  ataaa  raaiAa  aa  a 
f  acs-«satsrs4  eakla  (fas)  lattiaa  with  a  asarsat-aslghhar  4istaaes  af 
2. It  1.  AaSOj  aatf  Aabj  ka*a  tka  flaerlta  atraatara.  la  whiah  tka  Aa  ataaa 
fora  aa  faa  adklattiaa  wkara  aaak  Aa  a tam  la  at  tka  aaatar  af  a  aaba  with 
sight  groaf  111  (0a  or  la)  ataaa  sitaat#4  at  tka  eoraara.  la  tki a 
arraagaaaat,  tka  Aa-Aa  aaaraat-aaigkkor  Alataaeaa  ara  4.29  1  aa4  4.40  1  far 

aa4  Ailij .  rssos«ti*sly .  Tka  atraagtk  af  tka  lataraetlaa  katwaaa  tka 
94  orbitals  aa  aslghhorlag  Aa  ataaa  la  this  groay  shoal  4  Aaaraaaa 
4rraati sally  with  iaaraaaiag  ataaia  saparstiaa  aa4  shoal 4  ka  a*  14a at  aa  a 


Aa  is  aa  astraaaly  wall-ata41a4  aatarial,  bat  asst  prsvioaa 
laraatifatlaaa  af  tka  alaatroala  atraatara  af  tka  Aa(grsap  IIDj 
iataraaullla  aragaaaia  hava  baaa  llafttaA  ta  sfttaal  rsflsatlwlty 
aaasaraaaata.1  Fatal  sarfass  4a taralaa tioaa,***  ami  total  walaaaa  kaa4 
4aaal  ty-of-stats  aoasarrasats.4-*  Tka  rssalta  af  waa  Attakaa,  at  al.  ,* 

akoa  that  tka  total  Aa  S4-kaa4  w!4tk,  so  asasars4  aalag  a-rap  phataalaatraa 
sfsstrs  soapy  (OV)  af  paly  ary  at  al  lias  aaaplas,  4aaraaoao  la  tka  aariaa  Aa, 
ABSi,  aa4  Aalaj.  Bara  raaaatly,  tka  oarfass  aat  sa4  alaatroala  atraatara 
af  tka  AaBOj  (001)  alagla-arystal  awrfaaa  bars  kaaa  sta4ia4  aalag 
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Io*-iatf0  4i((rutloi  (LIB),  Ai|ir  alactraa  i|i«tr«MO0  (AE8> 

•M  ilMtirtriMfO  laas  iyt<troi«O0  La  praparatiaa  far  mo  to 

4a  tail  *4  i*tili|iti«ai  •(  tk«  ilMttMl*  kill  atraatara. 

Aagl*-raaalva4  pkataalaatraa  apaetraaaapy  UKRI)  In  pra**4  ta  ha  aa 
affaativa  tackaigaa  far  atagplag  tka  alaatraaia  atraatara  af  aiagla-aryatal 
■atariala  ky  proa 14 lag  iafaraatiaa  akoat  tka  B  varaaa  k  4iaparaiaa  ralatiaa 
aiaag  apaaifla  4lraatlaaa  la  tka  B.*”1®  Ikia  taakalgaa  ia  wall  aaita4  ta 
•aaaara  tka  kla4ftag  aaargiaa  af  tka  Aa  94-lavala  at  variaaa  paftata  ia  tka 
BZ,  vkiak  ia  aaaaaaaty  ta  atagp  tka  Aa  S4-S4  iataraatiaaa  ia  tka  Aa.  Aafia^ , 
Aalaj  aariaa.  Ikia  typa  af  4ataila4  alaatraaia  atraatara  aaaaaraaaat  kaa 
aot  praviaaaly  kaa  a  applia4  ta  tkaaa  iatamataliia  aaapaaa4a. 

Baitaa4iak  aa4  Maratk**  kaa  a  aalaalata4  aaa-ralatiaaitia  Alt  kaa4 
atraataraa  far  AaAl^,  AaBa2>  aa4  Aalaj.  Ikaaa  aalaalatiaaa  aka*  a  aark*4 
aarraviag  ia  tka  4-kaa4a  af  Aal^  aaaparag  ta  AaBa,.  Bath  tka  aplittlag  af 
tka  kaa4a  at  f  *•*  tko  Wa4  4iaparaiaa  a*  k  *aria4  aatvar4  ta  tka  R 
kaaa4ariaa  vara  aaak  Millar  far  Aal^.  Bavaaar.  tka  tatal  vUtk  af  tka 
aalaalat*4  4-kaa4a  vaa  aaak  aaallar  tkaa  ia4iaat*4  kp  tka  VS  valaaaa  kaa4 
apaat ra*  af  katk  aavpaaaia.  Siaaa  tka  aalaalatiaaa  aaglaata4  a via- ark it 
aplittiag.  vkiak  akaa!4  ka  larga  la  Aa  54  arbltala,  tkla  laat  akaarvatlaa 
la  parkapa  aat  aarpriaiag. 

la  ar4ar  ta  aaalat  la  aa4arataa4iag  tka  4-haa4  atraatara  af  aa4 

Aal*j.  a  alia 4  kaaia  kaa4  atraatara  latarpalativa  aakaaa  laalvAiag 
•plfarkli  aplittiag  vaa  4**a layag.11  Ika  iatarpalatlaa  aakaaa  vaa  flrat 
fit  ta  tka  Alt  aalaalatiaaa.  aa4  tkaa  tka  paraaatara  vara  a4Jaat*4  ta 
!■»*•»•  tka  agraaaaat  katvaaa  tka  ABIKS  aai  tka  valval  at *4  ka*a  at  |\  U 


t 


tkii  way.  ml-afiflnl  kiid  itrutuii  for  kotl  »d  Atlij  «it« 

w*itrMt*4,  vkiek  taikltl  tk«  ay— a  trior  of  aalaaaa  Wait  to  k* 
d*ttslu4,  a  ad  kalpad  *itk  tki  iatarpratatioa  of  all  tka  URI  apactra. 

Tka  fooaa  of  tkia  pa par  will  ko  oa  aapplag  tka  kaad  atractara  of  AaOa^ 
aad  Aalij  aloag  A  aalag  aoraal-aaiaaloa  AKFES  f raa  (001)  aarfaoaa  of  alagla 
ary at ala.  Pita  tka  raaalta  of  tka  aipariaaatal  kalk  kaad  atraetaroa  at  T  > 
tka  "  orpatal  fiald''*  (A)  aad  tka  aaia-orklt  (()  pa rasa tar a  for  tka  Aa. 
AaflOj  aad  Aala^  aarlaa  wara  aalaalatad  ia  ardor  to  look  at  tka  Aa  Sd-Sd 
iataraatloaa  aa  a  faaatloa  of  iatarataaia  dlataaca.  A  aarfaaa  atata  oaa 
alao  okaarrad  oa  kotk  aarfaoaa  ftaaida  a  kaad  gap  rogioa  of  tka  d-kaada 
aloag  tka  A  ayaaatry  aaia  of  tka  R.  Saa.  II  aftll  do aerlka  tka 
oaporiaoatal  pcooodara  follooad  la  tkia  work,  akila  Saa.  Ill  praaaata  tka 
raaalta  of  tka  AKIBS  oaporiaaata  oa  Arttj  aad  Aal^.  A  dioaaaaloa  of  tka 
fladiaga  of  tkia  work  aad  tkoir  ralatioaokip  to  proaioaa  atadiaa  appaara  ia 
Saa.  IV. 
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II.  Procadara 


lka  uptrlMati  fin  Htfonti  oa  kiw  liaa  1-2  (tka  ••  port)  at  the 
•taaford  Spackrotroa  Badiatioa  Laboratory  (88E).  All  IKIBI  aaaavraaaat* 
vara  aada  ia  aa  altra-kigk  view  aaalpala  akaabar  providad  bp  SSM.  vitk  a 
kaaa  prat tar a  of  dxlO-1®  torr.  Tka  akaabar  vaa  aqaippad  vitk  a  aiagla  axia 
aaapla  aaalpala tor.  LEED  optica^  aad  a  Vaaaaa  Oaaaratora.  Ltd.  (VG>  ADES 
400  aagla-raaolviag  pkotoalaatroa  apaatraaatar  tkat  kad  aa  acoaptaaaa  aoaa 
kalf  aagla  of  -I*.  Botk  aaaplaa  vara  aoaatad  aaak  tkat  tka  plaaa  of 
iaaidaaaa  of  tka  pkotoa  kaaa  aoataiaad  tka  polarixatioa  vaator  of  tka 
radiatioa  (p-polarixad)  aad  tka  [110)  axia  of  tka  arpatala.  Botk  aoraal 
aad  off-aoraal  aaiaaioa  apaatra  vara  eollaatad  vitk  tka  pkotoa  kaaa  45* 
fra  tka  [001)  axia  of  tka  aaaplaa.  A  aiagla  apaatraa  raqai rad 
apavoxiaatalp  aovaa  aiaatoa  to  oollaat  ia  ordar  to  iaavra  tkat  tkara  vara  a 
alaiaaa  of  tkraa  tkoaaaad  aoaata  ia  tka  atroagaat  faataxa  of  aaek  apaatrv. 
Ika  atoraga  riag  (BEAK)  vaa  tppiaallp  oparatiag  vitk  a  kaaa  aaargp  of 
S.O  OaV  aad  a  aarraat  of  katvaaa  30  aad  00  aA.  Pkotoa  oaargiaa  ia  tka 
raaga  of  14  to  32  #Y  vara  aaad.  aad  tka  total  aaalpxar  plaa  aoaookraaator 
aaargp  raaolatioa  vaa  kattar  tkaa  0.2  oV  ia  all  oaaoa.  All  of  tka  ABPBS 
data  vara  oollaatad  vitk  tka  aaaplo  at  root  taaparatara. 

Tka  laargp  Diatrikatioa  Cara a a  (BBC)  vara  oollaatad  aa  a  faaatioa  of 
pkotoalaatroa  kiaatia  aaargp.  la  ordor  to  dataraina  a  rafaraaca  kiadiag 
•■argp  for  all  tka  apaatra*  a  Fatal  Laval  (Bp)  vaa  aaaigaad  to  apaatra  tkat 
vara  tka  ibi  of  all  AKfBt  apaatra  aollaatad  at  aaak  pkotoa  aaargp.  la 
•*dar  to  iaalada  iaitial  atataa  fraa  a  raaaoaaklp  larga  portioa  of  tka  BZ. 
Ikia  vaa  aaaoapliakod  kp  aatakliakiag  a  kaaaliaa  for  aaak  aaaaad  apaatra. 
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•ad  tk*i  dafiaiag  Ep  to  bo  tbo  aaorgy  vhara  tko  EDC  croaaad  a  liao  that  vaa 
half  tha  dlataaca  froa  tha  baaoilaa  to  a  aacoad  I  laa  that  vaa  fit  to  tha 
flat  a-p  plataaa  of  that  EDC. 

Tha  procadara  for  tha  praparatioa  of  tha  AaGa2  aad  Aala^  crystal 
aarfacas*^  aaad  la  thia  atady  hat  baaa  daacribad  la  datail  al aavhara.^ 

Both  crystal  aarfacaa  vara  oriaatod  to  vithia  1*  of  tha  (001)  plaaa  aaiag 
Lava  i- ray  dif  f ractoaia try .  Tha  aarl  iar  atady  ahovad  that  la  tha  eaaa  of 
aftar  altaraatiag  cyclas  of  argoa  loa  boabardaaat  at  aaargiaa  froa 
3  kaV  to  500  aV  aad  aaaaallag  to  573  E,  a  aharp  LEED  pattara.  vhich  vaa 
iatarprattad  ia  tana  of  two  parpaadicalar  doaaias  vith  a  ( fl  i(Tf)B4S 
racoastract ion,  vaa  aaaa.  Thia  aaaa  aarfaca  racoaatractioa  vaa  alao 
obaarvad  for  Aalaj  (001)  ia  thia  atady.  Althoagh  AES  aaaaaraaaata  vara  aot 
availabla  dmriag  tha  AKfES  axpariaaata,  aharp  LEED  apota  vith  ao  atraakiag 
or  aplittiag  aad  tha  abaaaca  of  photoaaiaaioa  faataraa  ia  tha  valaaaa  baad 
aaaaad  by  oxygaa  or  carboa  iadieatad  that  both  aaaplaa  vara  fraa  of 


eoataaiaatioa. 


III.  Basalts 


Fig.  1  shoo  a  i  Ht  of  aoraal  aaiaaioa  ABHES  spectra  that  vara 
collected  fraa  U«  Atfa2  (001)  OlT  xlfoodS  reooastrsctad  aarfaoa.  Varioaa 
acta  of  faataraa  km  bees  coaascted  v  itk  liaaa  a  ad  1  aba  lad  A-0.  Of  thaaa 
fee  tar  as,  oaly  two  (A  a ad  B)  ahov  aabataatial  diaparatoa  aa  tha  photos 
aaargy  la  iacraaaad.  Tha  paaha  1  aka lad  A  corraapoad  to  photoeaiasioa  f ram 
aa  e-p  kaad  that  riaaa  ataaply  batvaaa  p  a  ad  X,  oroaalag  tha  Fatal  level 
bofora  raaebiag  P  .  Fa a tar a  B  la  oaly  aaaa  at  loo  photos  aaarglaa 
(16-20  oT) .  Thaaa  too  aata  of  faataraa  ara  broadar  tha a  tha  othara  throagh 
tha  aatlra  raaga  of  photoa  aaarglaa  aaad  la  thla  aaparlaaat.  Tha  othar 
five  faataraa  ahov  ralatlvaly  little  dlaparaloa,  vhloh  la  ladies tive  of 
d-baada  (la  thla  eaaa.  aostly  Aa  Sd  la  eharaetar). 

ABFES  apactra  vara  alao  oollaotad  aftar  tha  AaGa^  aaapla  vaa  exposed 
to  -1  BO  L  of  0j,  Tha  faatara  1  aba lad  F  vaa  aaoh  aora  easel  tive  to  thla 
eoataalaatloa  thaa  a ay  of  tha  othar  faataraa,  la  that  a  aaall  aaoaat  of 
adsorbed  orygea  vaa  saffldaat  to  radaca  tha  lataaalty  of  faatara  F  to 
halos  a  datactabla  Halt.  Of f-aciaal  ABFBS  apactra  of  tha  olaaa  aarfaoa 
vara  collected  la  order  to  obaerve  tha  dlaparaloa  of  a ay  faataraa  vlth  tha 
parallel  ooapoaeat  of  aaaeataa  (kj|  ).  Faatara  F  vaa  tha  oaly  peak  la  tha 
d-baad  r agios  to  exhibit  aotioeable  dlaparaloa  of  thla  type. 

Fig.  2  aoaslata  of  a  aat  of  aoraal  aaiaaioa  apactra  fraa  tha  (001) 
ifl  xYlB)B43  aarfaoa  of  Aal^.  Faataraa  ara  oaoa  agais  aoaaaatad  sad 
labeled  A-t.  Thaaa  apactra  ara  laaa  eoaplieated  thaa  thoao  of  A*V  el  ace 
tha  faataraa  eorreapoadiag  to  B  sad  B  la  Fig.  1  ara  aiaaiag.  Bov ever,  tha 
Aala^  apactra  ahov  aaaa  aora  clearly  tha  dlaparaloa  of  tha  a-p  bead 
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(futui  A).  The  otkir  f  onx  ttitvti  (libtltl  B-E)  ippirtitlj  tcrttipoad 
to  An  3d- like  bonds.  Footnro  D  in  tko  AnlOj  spectra  dioporood  in  energy 
with  ▼trying  k|j  in  a  Banner  rsry  aiailar  to  that  of  faatnra  P  in  tka 
spectra. 

Fig.  3  contains  a  sat  of  two  spactra  for  aack  eoaspoand,  which  clearly 
show  tka  sharp  spin-orbit  split  d  larsls  of  Ca  (3d)  and  In  (4d).  Table  I 
lists  the  binding  energies  and  the  spin-orbit  splittings  for  Oa  3d  and  In 
4d  for  tka  An  interaetallie  ooapoands  compared  with  other  aaterids.  The 
binding  energies  for  the  Oa  3d  or  In  4d  lords  in  each  series  of  materials 
agree  with  one  another  to  within  0.1  nV,  which  daaonstratas  that  ohsaical 
shifts  in  these  eystsas  are  aaall.  The  core  lords  shown  in  Fig.  3  also 
indicate  the  total  energy  resol ntion  of  the  AIRS  spectra. 


IV.  Discussion 


The  date  wtra  analysed  using  the  di rect- transi t ion  model .  Tha 
■oacotva  component  parallel  to  tha  surface  (k||  )  la  conserved  during  tha 

exit  of  tha  photoal  actroa  through  tha  surface.  Tha  normal  momentum  (kj^  ) 
la  changed  during  tha  exit  elnce  tha  photoal  act  ron  haa  to  croaa  an  energy 
barrier.  Since  neither  tha  conduction  band  atrnctu re  nor  tha  wevevector  of 
the  photoemitted  electron  are  known  in  advance,  k  of  the  photoemitted 
electron  lualda  tha  aolid  nuat  be  aatinatad.  Assuming  a  f ree-el ectron 
conduction  band  atructura  (i.a.  planewave  final  atataa).  tha  normal 
component  of  tha  photoemitted  alactron  moment un  inaida  tha  cryatal  la  glean 
*7  * 


lI  ...  ■  ♦  ’o'  -  V2*1  •  (1> 

where  it  tha  kinetic  energy  of  tha  photoal  act  ron  in  tha  vacuum,  6  la  tha 
polar  angla  of  amiaalonwith  raapact  to  tha  aampla  normal,  Vq  ia  tha  inner 
potential,  which  ia  aaaumed  to  be  independent  of  kinetic  energy,  and  m*  la 
tha  effective  maaa  of  tha  photoal ectron.  Tha  valnaa  of  the  inner  potential 
need  for  and  Auln^  were  aatimatad  to  be  11.16  aV  and  11.41  aV 

respectively,  which  were  taken  to  be  tha  difference  between  the  muffin-tin 
xaro  of  energy  in  tha  AIV  calculations**  and  tha  vacuum  level  aa  determined 
from  tha  work  functiona  of  the  two  com  pound  a.  The  experimental  band 
atructura  along  tha  A  line  waa  then  found  by  plotting  tha  binding  energy  of 
tha  photoal actron  (relative  to  the  Fermi  level)  veraua  k^  determined 
uaing  Eq.  1,  for  various  valuea  of  n*.  These  plots  were  then  compared  to 
the  non-  rel  ativ  1st  ic  band  structures  of  Switendlck  and  Narath,**  but  the 
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lirtaut  via  poor  for  oil  vilwi  of  ■*,  especially  citk  roapoet  to  tl 
Hiafa. 

VkiMTtr  U«  diroot  troaaitioa  aodol  la  aaod  to  iatorprot  AIRS  i 
tkt  liaitatioaa  of  tk*  aodol  aaat  bo  ooaeidorod  ia  ardor  to  aaaoaa  tk 
local  of  agrecaeat  kotwooa  tkeory  aad  erpcriacat.  Hero  apooif ically. 
aitaatioaa  tkat  laad  to  tka  kraakdoaa  of  acaeatw  aolaetioa  rmlaa  aad 
raaalt  ia  mcertaiaty  ia  k  aaat  ka  osaaiaod.  Tka  affaot  of  tka  laker 
aagalar  aad  aaargy  raaolatioa  of  tka  alaatroa  aaalyaer.  tka  oryatal 
aoaaataa  kroadaaiag  of  tka  pkotoal aotroa  fiaal  atataa  tkat  raaalta  fr 
fiaita  aaaa  fraa  patk  leagtk*.14  aad  aajr  kroadaaiag  attrikatakla  to  tl 
Dekyo-faller  factor*  of  tka  ayatoa  aaat  ka  earofally  coal aa tad.1® 

Daa  to  tka  diaparaioa  of  tko  iaitial  atato  kaada.  okaagaa  ia  tka 
acaeatw  apaaa  ragioa  aaaplad  ia  ilfll  oaa  oaaaa  vary  largo  okaagaa  1 
observed  pkotoolaatroa  aaargy  diatrikatioa  car* a a  (EDC).  Tka  actaal 
vidtk  of  faataroa  observed  ia  AIRS  apactra  dapaada  apoa  kotk  tka 
raaolatioa  vitk  akick  fiaal  aoa*it«  atato*  ara  aaaplad  aad  tka  easrg 
diaparaioa  of  tko  iaitial  atato  kaada.  Tkia  affaat  ia  gaits  or  Ida at 
Pig.  2.  vkara  tka  o-p  kaad  at  loo  kiadiag  aaargy  ia  aaok  kroador  tka a 
d-lovel  kaada  at  kigkar  kiadiag  aaargy.  la  geaoral.  a-p  kaada  diopor 
aack  aora  rapidly  tkaa  tka  alaoat  flat  d  kaada.  tkaa  aaooaatiag  for  t 
relative  aidtk  of  tka  faataroa  aaoa  ia  tka  AIRS  apactra. 

Tka  folaa  of  tka  oryatal  aeaoatw  apaaa  aaaplad  ia  aa  AIRS  a  pa 
dapaada  priaarily  apoa  tko  aagalar  raaolatioa  of  tko  alaatroa  aaalyac 
tka  cryatal  acaeataa  kroadaaiag  la  tko  photoaaiaaioa  fiaal  atato.  Tk 
aagalar  aad  aaargy  raaolatioa  diaaaaaod  ia  Sac.  II  roaalt  ia  aa 
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intratitil  bro*d«tii|  of  of  0.23  X~3,  or  11%  of  tki  BZ  <1m«i1obi, 

lit  btoaftalai  4m  to  tko  flail  at  at*  oldtk  la  iaaoraalp  propor  tioaal  to 
tka  pkotoolactroo  a*aa  fraa  potk  ij[  )  a>4  tka  aagl*  <•)  katvaoa  tk* 
■caaaataa  vector  aa4  tka  aarfaea  aotaal.3*  Oalag  tka  laalaatia  aaaa  fraa 
paU  (1VP)  foraala  of  Saak  aad  Daaek.1^  a  ad  aaaMiag  aa  aver ago 
pkotoalactroa  kiMtic  aaargjr  of  20  *V.  tka  alaatroa  aaaa  fraa  patk  of  AaGa^ 
aad  Aala^  i*  cal  cal  a  tad  to  ka  €.S  X.  Tkaa.  tka  aapaatad  k  -brood*  aiag  1* 
0.30  X1  ft.  kotk  AaOa^  aad  Aala^.  vklek  agraaa  wall  oltk  tka  okaarvad 
aacartaiaty  la  tka  aoaaatM  (0.31  X”3)  aatlaatad  fraa  tka  fall-vidth  at 
kalf-aaaiBM  (PWM)  of  tka  o-p  pkotoaalaaloa  paak  A  of  Aala^  ia  Pig.  2  aad 
tk*  E  voraoa  k  dlsporaloa  of  tko  ealealatod  Aj  valaac*  kaad. ^  Ikla  yalM 
oorraapoada  to  a  flaal  atat*  PVW  aoaaataa  kroadaaiag  wklak  i*  19k  of  tko 
BZ  dlaaaaloaa.  Ik*  total  ooIm*  of  k-aaae*  aaaplod  la  oaek  apaatraa  of  tk* 
praaaat  AKPE8  aaaaaraaaata  oaaaad  ky  tk*  aagalar  raaolatloa  of  tk*  aMlpsar 
aad  tk*  aaeartalaty  la  kj_  a ay  ka  aatlaatad  a*  a  oplladar  wltk  a  aolaaa  of 
0.015  X-3.  oklck  oorraapoada  to  0.3%  of  tk*  voIm*  of  tko  BZ.  Altkoagk 
tki*  aay  appaar  to  ka  •  ratkar  Mali  aaapllag  voIm*  of  aoaaatM  apeco.  it 
ia  raapoaaikla  for  tk*  kroad  pkotoaalaaloa  paaka  fraa  o-p  1 ika  kaad*. 

Ik*  laat  iaportaat  kroadaaiag  aaakaai m  to  k*  ooaaidarod  la  tkaraal 
kroadaaiag  4m  to  iadiroot  or  pkoaoa-aaaiatod  traaai tioaa.  Book 
aoatrikatioaa  to  tk*  Maortaiatp  la  aoaaatM  aaa  kaat  k*  aatlaatad  kp 
look  lag  at  tk*  Bakpr^Vallor  faatoca  for  oaek  ayatM.  Ik*  kalk  Baby* 
tMporataroa  of  AaBa^  aad  Aala^  at*  IN  t  aad  ltl  E.  roapaotipolp.3*  A 
roagk  oat  laat*  of  tk*  tk*  aaaa- a*  Mr  ad  PikratiOMl  aapl  itoda  of  aaak  atM 
ia  tk*  aoapoMda  *aa  oktaiaod  aaiag  aparago  atoiio  aaaa**  of  112.1  (AaSa^) 
••d  142.2  (Aala^)  aad  tk*  kalk  Boko*  tMporataroa.  Tko  rooaltiag  vtla*  of 
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tie  Bskys-Wallsr  factor  for  Mij  aa4  AalOj  arc  O.M  sa4  O.M. 
rssysatlvsly.  Tksss  »Wn  rsyrossat  a  oo4sst  eootrikatloa  HU)  of 
laAlraat  ftraaafttioaa  to  tkt  aaoatra  aatf  skoo  tkat  tka  41rsat  traaafttioa 
ao4sl  ia  still  JastlflsA  la  tkaaa  aystaas.  To  ra4aaa  tka  affaat  of  lattioa 
vlkrstlsas  oa  tka  aysatra,  tka  saaylss  aoaltf  ka  sosls4  to  ligaiA  alt rags a 
tsaysratmrsa,  at  vklak  tka  Dskye'Wallsr  faatara  «oal4  ka  syyroxlaatsly 
0.94  (Atfij)  aa4  0.97  (Aalag).  Ik  ayyrsslakly  layresa  tka  syoatra,  tka 
saayllag  volaas  of  aoaaatao  sysss  «oal4  al so  kasa  to  ka  4aaroaao4 
sakstaatlally  ky  aaiag  aa  AIRS  saalyssr  vltk  aaak  kattsr  aagalar 
raaolatioa  aa4  kigkar  fkotea  aaarglaa  to  iaaroaao  tka  asaa  froo  yatks  of 
tka  ykotoolaatroaa. 

Altkoagk  aot  aogllgftkla.  tka  aoaaataa  kroaAsalag  offoata  41aaaaao4 
akoaa  ara  aot  aarloaa  saoagk  to  lavallAata  tka  41roat  traaaltloa  ao4sl  aa 
ayylisA  to  tka  ykotoaalssioa  syoatra  of  AaBOj  aa4  Aala^.  Ikaa.  tka 
41  sagraMisat  kstvaaa  tka  tksoratlaal  AfT  kaa4s**  aa4  tka  aaysrlasatal  ly 
4s  ta  a  las  4  kaa4a  la  largely  tka  raaalt  of  tka  laaaaraaiaa  ia  tka 
salsmlatloa.  Oka  aajor  alaaioa  ia  tka  AIT  sal  solatia  «aa  as  gloat  of 
ayirorklt  N«alla||^  vklak  skoal 4  ka  relatively  largo  for  Aa  94  erkital a. 
Ala.  tka  kiaAiag  oargy  yoaitloaa  vltk  roayaat  to  1^  of  tko  aaatroi4a  of 
tke  4-kaa4s  wore  ovar-aatiatsA  ky  aka  at  1  at.  aa4  tka  4-kaaA  vl4tka  (ovoa 
Aiasoaatlag  tka  aaglaat  at  ay  la- ark  it  affaats)  vara  aovaraly 
a»4a  r  a  at  i  aa  ta4 .  * * 

la  or4sr  to  ektaia  a  kattar  tkooratiaal  aatiaata  of  tka  4-kaa4a  ia 
AaOa^  aa4  Aala^  a  aiaa4  koala  iataryolatiaa  aakaaa  iaslo4iag  ayia-arklt 
aylittiag  oaa  4avoloyo4  for  floor  its  atraatara  soa^aaaAa.**  Tka 


IS 


■ort*lithl»ti«  AW  Wall  of  ul  Atlij  vttt  fit  ula|  till 

ftMtiui.  An,  ailai  ••  ostia* to  of  tki  Maiiai  oaorgioa  of  tki  l-tiili 
•  t  f  oktilai  froa  tbo  41  root  troaoitioo  ao4*l  till  a*-  l.O  oa4  tio  aoot 
iatoas*  ykotooaioaioa  ftitwoi,  tko  yaraaotars  of  tko  iatoryolatioa  oakoao 
•or*  *4Joot*4  to  yroiaa*  tko  tkro*  4-kaaAa  ot  P  tkat  agrooi  vitk  tko**  froa 
tko  iIRi  aaaavraaoata.  Host,  tko  oaorgy  Wait  oaloalatoi  (mb  tko  UfEI 
syoctra  for  osriooa  a*  valvoa  voro  *oapor*4  vitk  tko  iatoryolatoi  kaa4*. 
o«4  rooooaakl*  agroaaoat  vo*  foaa4  for  1.29.  la  yriaaiyla.  aa 
itoratioo  ycMoiar*  ooal4  kaoo  kooa  aa*4  la  vkiek  a  aov  oot  of  kiaiiag 
oaargios  for  tko  4-kaa4a  at  p  walk  ko  4ataraftao4  for  tko  aov  a*  valaa. 
■ovoror.  for  aa4  iilij .  tko  4-k*aAa  vara  ao  flat  tkat  tki  a  vaa  aot 

aaooaaary. 

Pi  gar a  4(a)  akova  tko  oaorgy  kaaia  of  Aa  oaloalatoi  ky  tko 

iatoryolatioa  a  ok  mo.  aaiag  yoraaotara  froa  Kof.  12,  aa  voll  aa  tko 

iatoryolatoi  aai  aayoriaoatally  4* tota la*4  kaa4a  of  AaBOj  aa4  Aal^.  By 

ooayariag  Piga.  4(a),  4(k),  aa4  4(a),  oat  oaa  ***  tkat  tko  aplittlag  of  tko 

Aa  94-lao al a  ia  alaoat  i4oati*al  la  oaafc  oaao,  tkovgk  tko  akaolvto  kiaAftag 

aaorgioa  aro  aoaovkat  Aifforoat.  Tka  ayaaiag  of  tko  Aa  94  kaaia  at  P  oaa 

ko  aao4  to  Aotomiao  tko  "oryatal  fioli''  (A)  aai  tko  ayia-orklt  (() 

to 

yaraa*torai  ia  tko  aaaaor  at  Vokaar,  ot  al.  Ikoao  yaraaotora,  vkiak  aro 
oaly  aaaaiagfal  at  P,  vkoro  tka  crystal  aoaoataa  ia  aora,  oaa  ko  aaoi  to 
aoayara  tko  rolatio*  atraagtka  of  4-orkltal  i at or oat 1 oaa  aai  tko  ayia-ovkit 
ooagliag.  Vaiag  tko  oaorgy  oigoaoalaaa  aaloalatoi  ky  •allkaaoaa.**  (  aai 
A  oaa  ko  oatraotoi  froa  tko  IMS  kata  aai  aaaparoi  to  tkar  aaao  yaraaatara 
for  *1  aa  oat a 1  Aa.  Takl*  11  ooaaiats  of  aaporiasatal  aai  tkooratiaal 
ia  torn  iaati  oaa  of  A  aai  (  for  tko  oorioa  Aa.  AaBaj  aai  Aal^. 

It 
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la  tk*  mm  af  Aa,  ycwloti  (itiislMl  a  A  tiIn  of 

1.22  »l  aad  a  •ala-orbit  yiraatw  of  0.71  •▼,  abloh  are  la  good  agreameat 
with  tha  aaao  paramo tare  estreated  from  thoevotlaal  bead  etraetaree.22 
■amt.  tka  eaperlaeatal  oalaaa  of  A  for  AaBa^  aad  Aala^  aro  aaoh  larger 
tfcaa  tha  tho  aoa-reletiviatie  d-bead  aplittlag  eel  eel  a  ted  bp  Saitoafftak  a ad 
Ninlk^  aad  aro  eaaeatlally  ldoatloal  to  oao  aaothor,  vheroea  tho  AfV 
oaloalatioaa  yrodlotod  a  aabataatial  do «r aaao  la  A  for  Aala^  «m  re ape at 
*•  Ibla  obaorratloa  la  very  aarprlalag,  alaoo  tho  Aa  d-d  eaerlap 

latograla  which  giro  rlao  to  tho  apllttlaga  at  r  Cl*  tho  LCAO  aoaao  of 
Slater  aad  looter22)  ahoald  do or aaao  dramatically  la  tha  aarloa  Aa,  AaBoj 
aad  Aal^  (aa  tho  Alt  ratal t a  predict22),  the  largo  oryatal  field  offoat 
la  tha  lateaaetallla  eompoaada  may  arlao  from  latoraatloaa  of  tho  Aa  Sd 
orbital  a  olth  tho  d-erbital a  of  tho  groap  III  aotala  (Oa  Sd  or  la  44).  The 
*•  ld-baada  of  AaAl^  ahoald  bo  mapped  la  detail  to  taat  thla  hypothetic. 
Slaoo  A1  baa  ao  oooapiod  d-orbltal a,  oao  might  aspect  tha  * oryatal  field'* 
apllttlag  to  bo  aaeh  Mailer  for  AaAlj  thaa  for  AaSa^  or  Aala^.  Ia  fact, 
tha  total  width  of  tha  AaAl^  d-baada  la  amallor  thaa  for  laBij,  aa  ah ova  la 
tho  Taleaae  bead  VI  apt  at  r  a. 2  Tho  apla- orbit  pa  race  tor,  ahlah  ahoald 
oaaoatlally  bo  a  property  ealy  of  tho  Ao  Sd  orbltala,  la  aery  almllar  for 
all  throe  ayetema. 

The  width  of  tho  d-baada  of  Aa  la  broadaaad  ooaaldorably  by  mlalag 
with  tho  lowoat  oaargy  plaaa  ware  bead,  aa  ahewa  la  Pig.  4(a).  Slaoo  tho 
lattice  ooaataata  of  Aada^  pad  AelOj  aro  ao  maah  larger  thaa  far  Aa.  tho  R 
dlaoaaloaa  are  maah  amallor.  Ia  tha  oaaa  of  tho  two  latormatalllo 
aampaaada,  the  plaaa  ware  bead  reaehea  tho  B  boaadary  at  1  bofaro  It  oaa 
oroaa  tho  d-baada,  aa  ah  era  la  Pigs.  4(h)  aad  (a).  Thaa.  tho  d-baada  of 
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A«D»j  aaA  A«1«2  aaaaatlally  raalAa  witkU  •  taatfif  fta  tk«  yUarmi 
k*a4i,  u<  4a  aot  ala  vltk  tk«  klgkly  Aiagaralag  atata.  Tkia  allova  tka 
<*kul  vlAtk  of  tka  As  4a salty  of  atataa  to  ka  sack  largar  tkaa  for  laBi^ 
a ad  AalBj,  or a a  tkoagk  tka  4-kaai  syllttlag  at  r  A*  «aarly  tka  aaaa  for  all 
tkraa  aatariala. 

la  aAAltioa  to  tka  aoaaarvatioa  of  aoaaatai  aoailtioaa.  tkara  asiat 

aalgaaly  aolftd  atata  aalaatftoa  ralaa  la  AMI  tkat  4a al  oitk  flaal  atataa 

24 

okaarvaA  aloag  ay— a  try  Alractlaaa.  tlaoa  aa  Al VM  aiyarlaaa t  akooaaa  a 
yartlaalar  fiaal  atata  (oklak  kaa  yartlaalar  ays—  try  propartlaa),  tka 
ialtlal  atataa  tkat  say  ka  aaaylad  ara  4a  ta  ralaa  4  ky  tka  raAiatloa 
yolarlaatioa  vltk  raayaat  to  tka  oryatalllM  aaaa  of  tka  aaayla.  la  tka 
aaaa  of  aaraal  fkotoaai laaloa  fr—  a  (001)  aorfaaa  of  a  aryatal  oitk 
ay— a  try  aad  Igaorlag  ralatlvlatla  affaats,  tka  flaal  atata  aya— try  asst 
ka  Aj  la  or Aar  for  tka  fkoto— IttaA  alaatroa  to  raaak  tka  Aataatar.  Ikla 
ratal raa  tka  Ialtlal  atata  to  kava  altkar  Aj  or  Aj  aya—  try, **  kotk  of 
oklak  ara  allovaA  ky  tka  asyarlaaatal  ga—  atry  akoaaa  for  tkia  aaparlaaat. 
lkaaa  aya— try  aalaatlaa  ralaa  ara  oaly  rlfaroaa  for  Aataatloa  ayataaa  oitk 
laf laltaly  gaoA  aagalar  ratal  at  ioa.  kat  tkay  grovlAa  a  koala  for  aaalyala 
of  AMS  oitk  gaoA  aagalar  roaol atlas. 

lkaaa  aalaatlaa  ralaa  olll  ka  aaoA  la  aaalyalag  fkoto— last  oa  fr—  tka 
v-y  valoaao  kaaAa  tkat  raalAa  to  tka  1— or  klaAlag  oaargy  alAa  of  tko 
4-kaaAa,  alaaa  ayis-arklt  of foot  a  oora  — t  laolaAaA  la  tko  iatoryolatloa 
aafc— a  far  tko  a-g  kaaAa.  Paataro  A  la  tka  Ma^  apaatra  (Pig.  1)  la 
aaaaaA  ky  tr— altloaa  fr—  —  r*f  kaaA  katoaaa  f  aai  X.  fcforta— taly.  Ita 
aosltloa  oitk  raayaat  ta  tka  aalaalataA  kaaAa  (Pig.  4<kl)  la  aaak  tkat  It 
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il  Ml  yoiaiklo  to  4*I«h1m  if  tkl  teMllliM  Mi|lMtM  (M  U  i|  M  ij 
laltlil  Hit*.  iIm*  Hi  ti|«riMitil  pfiati  ••Mali ally  fall  Wtoaoa  too 
oaloalatog  lull,  Pkotoaalaaioa  (na  tka  flat  ij  kaag  la  aat  allow  *4  ky 
tki  aalaatiaa  rolo.  nl  la  faat  ao  yaak  oorroayoagiag  to  tkla  Wag  la 
oksorvog  la  a^  of  tka  IlfEI  aoaatra.  Ikia  okaorvatioa  la  aataally 
aoaooWt  aaryrftalag.  aiaaa  tka  aalaatioa  rmlaa  ara  aat  oayoatog  to  W 
ooaylotoly  rigorooa.  oaf  tka  flat  Wag  akoalg  yialg  aa  oatrMoly  ki|k 
goaaity  of  iaitial  atataa  to  W  aoaylog. 

lki  foataroa  laWlag  I,  okiak  oaly  ayyoara  at  ykotoa  oaargloa 

katoooa  1#  oag  30  iT,  ara  tka  roaalt  of  o  aarfaoo  Wklayy  yrooaaa  fraa  a 
rogloa  of  tka  BZ  vitk  tka  foes:  k»(i/| ,l/g,i).  Ik  era  oaiata  a  aarfaoo 
roolyrooal  lattloa  v  aat  or  f( -1/1. -1/1,0)  arialag  faaa  tka  < ft  dfTt)MS 
roooaatraotog  aarfaoo  akiak  kaa  tka  oorroat  a a gal toga  aag  girootioa  to 
giffraot  ykotoal ootroaa  aaittog  ftaa  laltial  atataa  la  tkla  rogloa  of  tka 
BZ  to  tka  firaotioa  (0,0.1).  akiak  aoa  roaok  tka  olootroa  aaargy  aaalyaor 
la  tka  aataal  aalaaloa  gaMotry.  Pa  aka  laWlag  B  ara  alao  a  roaalt  of  tkla 
aaao  Iktl ayy  yrooaaa.  Ikoao  aaaigaaoata  kaao  Waa  ooaf  iraog  ky  gaaaratiag 
tka  valoaoo  Waga  aloag  g»(l/S.l/S .1)  la  tka  BZ  aaiag  tka  latoryolatioa 
aakaao  aag  okaorviag  tkat  aaloaao  Waga  oaiat  vitk  tka  oorroat  kiagiag 
oaargloa  aag  v alao a  of  Pkataroa  C.  B.  aag  •  la  tka  AaBa^  ayootra  kora 
Waa  aaalgaog  to  tka  tkroo  g-laoala  tkat  kavo  ayMatrioa  (aaiag 
rolatlvlatlo  aotatloa)  of  rj.  aag  rj»  roayootlvoly.  Ifco  Htria  ara 
fairly  flat,  glayoralag  oaly  a  Mall  Moaat  Wtoaoa  f  aag  1.  oayaoially 
akaa  Mayor #4  to  tka  oorroayoagiag  g-kaaga  of  Aa.  Iko  agroaaoat  Wtoaoa 
tka  gioyoraloa  of  tka  lot  oryol  a  tog  aag  tkroo  oaBorlaoatal  g-kaaga  tkat  vara 
aaypog  oat  aaaailag  a  ylaao  oavo  flaal  atato  vitk  a*»  14S  la  goal ita tlvoly 
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correct,  tat  liffittacti  of  a  fn  tiitbi  of  ••  oY  axiat  ••  tko  kaaia 
approack  I. 

n«  flaal  faatara  la  tko  MRS  apactra  la  la  a  taial  gap  aloag  A  la 
Faatara  F,  vkiok  kaa  a  kiaiiag  oaorgp  of  *4.2  oY,  llaa  tatvaaa  tka 
lovar  rj  oai  4-looala.  fkaao  poaka  akoo  ao  iiaporaioa  aa  tka  pkotoa 
oaorgp  la  laaraoaai  fna  IS  to  90  aY.  Ia  oiiltoa.  tkaao  foataroa  aro  aora 
aaaaitira  to  aarfaao  ooataalaatloa  tkaa  pkotoaalaaloa  poaka  oaai^oi  to 
talk  kaaia.  Laatl p,  aoao  iiaporaioa  «aa  aooa  la  tkla  foataro  ao  tka 
parallol  eoapoaaat  of  tko  tirmctw  vaa  iaoroaaoi  fna  aora  kp  aor lag  tka 
4a tact or  of f-aoraal .  Aa  tko  polar  aaglo  of  oalaaloa  (0)  vaa  iaaroaaai.  tka 
Alroctloa  of  rotatloa  vaa  la  tko  plaaa  ooataialag  tko  (001]  aai  (110]  aaoa. 
Tkla  la  ogmivaloat  to  alaal taaooaalp  rota tl mg  traa  f  to  I  aaA  f  to  J*  la 
tko  rootaagolar  aarfaoo  BZ.  akova  ia  tko  laaat  of  Fig.  9*  alaoa  tko  aarfaoo 
raaoaatraatloa  ia  aaamoi  to  ooataia  tv#  porpoaAiaalar  Aaaaiaa  ia  aaalogy 
vltk  tka  Go  (001)  2sl  rooaaatraotiaa.  Tko  agoaro  ayakala  ia  Fig.  S 
illoatrata  tka  Aiaporaioa  of  foataro  F  vltk  k(|  .  la  a  loo  a f  tkaaa 
okaaraatioaa.  foataro  F  voa  aaaigaaA  ao  a  aarfaoo  atato. 

Tko  AMU  apaotra  (Fig.  2)  of  Amla^  aro  aiapl or  tkaa  far  AaOa^.  Foar 
foataroa.  vkiok  ariao  f roa  talk  valoaao  taa4  traaaitioaa.  aro  aaoa  ia  tka 
Aala^  aaaa.  Tka  faataraa  lakoloi  A  oorraapaai  ta  traaaitioaa  f roa  aa  a-p 
taa4  vkiok  at aoao a  tka  Fatal  laoal  atavt  kalfaap  tatvaaa  f  aai  S.  Tka 
agraaaaat  tatvaaa  tkla  o^oriaaatal  taai  aai  tka  A^  taai  aalaalatai  k p  tka 
iatarpalatlaa  aakaaa  (Fig.  4(a))  ia  gaai.  aa  tka  A  faatara  ia  aoaigaai  ta 
tka  valaaaa  taai  vltk  Aj  opaaotrp.  Fitkia  tka  oaaortaiatp  ia  tka  aaaa  at  oa, 
tka  aaporiaaat  aai  tka  tkaarp  agroa  gat  to  vail  aa  ta  tka  kiailag  aaargp  of 
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tho  bo  ad  at  tk«  1  poiat,  tat  tk*  dloparaioa  of  tho  bo  ad  la  aot  la  aa  good 
agrooaoat. 

Paataria  i.  C,  a ad  B  la  tha  Aala^  apoctra  raaalt  f roa  traasitioao  f roa 
d-baado  with  tha  aaaa  i^aaitry  aa  thoaa  obaorvod  for  AaBa^.  Tboao  baada 
aho*  ovaa  loaa  dlaforaloa  botoaaa  r  “A  *  tbaa  AaBa^ ,  proaraablp  baoaaao 
tha  Aria  aoparatloa  la  largor  la  Aal^  a  ad  tha  orbital  latoraotloaa  of  tha 
aaighborlag  a tea  a  la  aaallor.  Tha  aaraaaaat  of  tha  thraa  oaporiaaatal 
d-baada  with  tha  iatarpolatioa  aahaaa  aalaalatlaa  la  axaallaat  orar  tha 
aatlra  rogioa  botoaaa  r  aad  X.  Aalaj  aahlblta  tha  aaaa  (^5 
raaaaatraatlaa  aa  A^Oj,  aa  it  ahaald  aat  bo  aarprialag  to  flad  a  alaUar 
aarfaoo  at  a  to  oa  tha  (001)  aarfaoo  of  Aala^.  Paataro  0  la  tha  Aal^ 
apoctra  (Pig.  X)  ahooa  tha  aaaa  baharlar  aa  foatmra  P  (Pig.  1)  la  tha  aaaa 
«  It  la  aoro  aoaaitioo  to  aarfaoo  ooataalaatioa  thaa  aap  of  tha 

balk  faataraa.  It  ahooa  aa  dlaparaioa  for  aoraal  ghotoaaiaaioa  im  tha 
raaga  of  ghatoa  aaargiaa  aaad  ia  thia  oapariaaat.  loo roar,  foataro  0  doaa 
dlaparao  oith  k(|  *  aa  ahooa  by  tha  oirolaa  ia  Pig.  9.  Thor  of  ora,  thia 
faatara  haa  alao  baaa  aaaigaad  aa  a  aarfaoo  atata. 

It  ooald  bo  goaaibla  to  aaaabigaoaal?  aap  oat  both  tho  oaloaoa  aad 
oaadaotioa  baada  of  thoaa  too  oaapoaada  aaiag  tho  triaagalatioa  taoh  algae 
of  ool  loot  lag  AUU  aaaotra  fra  too  diffaroat  aarfaoo  a.  If  too 

faataroa  ara  aaaa  at  tho  aaaa  biadiag  aaargr  ftra  too  diffaroat  aarfaooa* 
thoa  tho  oalaa  of  k  aaa  bo  dotoraiaad  abaolotoly.  Ihia  ooald  proa  Ida  tho 
aaoaaaary  lafocaatloa  for  plottlag  tho  B  ooraaa  k  diaparaioa  rolatioaa  of 
bath  iaitial  aad  fiaal  atatoa  oithoat  iaroklag  a  plaao-oaoa  fiaal  atata 
approaiaatioa.  Iho  raaaltiag  agporiaaatal  aaargp  baada  ooald  thoa  bo  aaad 


IB 


la  h^wIIm  fill  lit  latMpfUUn  Mh«M  ta  liUniM  •  traly 
aaparlaaalal  laal  itrwtvt. 
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V.  ComIuIoii 


A*  AKfES  lytctn  of  Atfij  ud  Ail^  in  niioHUy  aiapla,  ul  oil 
fiitwn  ia  kotk  wti  of  inelu  oaa  ka  nilpid  to  oitkor  kalk  or  ivfiti 
traaaitioaa.  Uaiag  •  >1  iw oar#  fiaal  atata  approxiaatioa.  tka  d-kaada  of 
kotk  eoapeaada  ara  ia  good  agraaaaat  aitk  aa  iatarpolatioa  aokaaa 
aalcalatioa,  vkiek  vaa  fit  to  a  firat  priaaiplaa  if!  aaiaaiatioa  a ad 
adjaatad  to  agraa  aitk  tka  aapariaaatal  raaaita  ©alp  at  tka  P  aoiat  of  tka 
BZ.  Tka  aapariaaatal  a-p  kaada  do  aot  agraa  vitk  tka  iatarpolatioa  aokaaa 
aa  vail  aa  tka  d  lav  ala.  Bevarar,  tka  apaatral  faataraa  of  tka  a-p  kaada 
ara  aaakar  kroadar,  aaaaiag  a  largar  vaaartaiatp  ia  tka  arjatal  aoautv. 

Aa  Atfij  apoatra  ara  aaaavkat  a  ora  oaapliaatad  tkaa  ia  A«I^,  ia  tkat  tkap 
aoataia  faataraa  dao  to  aarfaaa  Daklapp  preaaaaaa.  Baaaatiallp  idaatiaal 
aarfaaa  atataa  tkat  raaido  ia  a  kaad  gap  katvaaa  r*  aad  tka  lovar  fj  aaarg j 
poaitioaa  ia  tka  aalaaoa  kaada  kava  kaaa  foaad  oa  tka  (001)  aarfaoaa  of 
Maj  aad  Ailij 

•arpriaiaglp,  tka  apl ittiaga  of  tka  Aa  Sd  kaada  at  f  for  AaBa^  aad 
Aala^  ara  aaarlp  idaatiaal  oitk  aaak  otfcar  aad  aitk  al«aatal  Aa,  daapita 
tka  largo  difforaaaa  ia  tka  Aa-Aa  diataaoaa  ia  tka  tkraa  apataaa.*  A 
aatiafaatorp  aaplaaatioa  of  tkia  okaaraatioa  ragairaa  fartkar  aapariaaata 
aad/or  da  tail  ad  ak  iaitio  aalaalatioaa.  Aa  diffaraaaa  oka  ara  ad  ia  tka 
total  d-kaad  aidtk  of  tka  too  aoapaaadi  ariaaa  kaaaaaa  tka  d-kaada  of  Aala^ 
diaparaa  laaa  tkaa  tkoao  of  Ma^,  wkaraaa  tka  d-kaad* idtk  of  Aa  ia  also 
kroadaaad  kp  aiaiag  of  tka  d-kaada  vitk  a  plaaa-vaaa  atata. 
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VI.  A€kao*U4|#MBti 


The  Htkon  viik  to  tkial  K.J.  Bii|kaai  of  Stadia  Natioaal 
Laboratories  for  sopplyiag  the  Atfij  aad  Aela^  siagle  crystal a,  sad 
J.A.  Tara  off.  T.  C.  Tsai  aad  K.  Blwaatkal  for  assistaaca  with  tka 
experiaeatal  aea  tar  sweat s.  Tk i s  work  was  performed  at  tka  Staaford 
Syackrotroa  ftadiatioa  Laboratory,  wkick  is  sapported  by  tka  Uaited  Statas 
Da  parts  eat  of  Eaargy  aadar  graat  No.  H*AC01*HEI1)0009  ia  oooparatioa  witi 
tka  Staaford  Liaaar  Accalarator  Caatar.  Sipport  for  tkis  project  was 
provided  by  tka  Office  of  Naval  Besearek.  K8V  ackaowladgas  tka  Caaille  aaf 
Be  ary  Dray  fas  Foaadatioa  for  providiag  a  Teacher- Scholar  Great  aad  tka 
Alfred  P.  Sloaa  Foaadatioa  for  a  Fellowship. 
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T»M»  I.  Iia41>|  iMtiiti*  of  6*  34  ao4  la  44  lmli 


apt a- orbit 


0.  J45/2 

0.  54j/2 

apl ittiag 

GaAa* 

10.40 

19.04 

0.44 

OaSbb 

It. 70 

19.15 

0.45 

40082* 

It. 40 

19.19 

0.59 

!.  44,, 2 

!.  44j/2 

apt a- orbit 
apl ittiag 

la  aatal* 

14.74 

17.44 

0.90 

IaSb* 

14.71 

17.45 

0.04 

*«1^# 

14.05 

17.74 

0.90 

(•)  All  Tilaii  i«  oV.  Botiaato4  uMtUiat;  it  0.1  Of. 

lb)  D.B.  Bat  team.  T.C.  Ckaiag,  P.  Boilaaaa  a«4  P.J.  Biapaol. 

Phjra.  Bov.  Utt.  45,  (54  (1900).  (BiaOlag  OMt0  rolatlvo  to 

(a)  tbla  «ork  (BiaOlag  oaorg y  rolatlvo  to  Ptnl  lovol) 

(4)  B.A*  Pol  look.  B.P.  tooaleavk.  L.  Lay  ao4  D.A.  Shirloy, 

Pkyt.  Bov.  Utt.  29.  274  (1972).  (Bia4iag  aaargy  rolatlvo 
to  Foral  lovol) 

(a)  L.  Loy,  B.A.  Pol  look.  P.B.  Mafooly.  S.P.  Eaoalasyk  aa4 
D.A.  thirl  ay.  Phyt.  Bav.  B9.  400  (1974).  (BiaOlag  aaargy 
rolatlvo  to  focal  lovol) 
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la  II.  Bla41ag  laarglaa*  of  Aa  94  1 oral  a  at  f 


lattlaa 

coaataat 

(X) 

E(rJ> 

e<r7> 

*<r}> 

A 

l 

Aa  4 .04 

•*p.b 

-9.59 

-4.45 

-9.40 

1.23 

0.71 

tk«o.c 

-J  .98 

-4.39 

-9.79 

1.24 

0.70 

Aafia2  4.04 

•*p- 

-4.42 

-9.44 

-7.31 

1.07 

0.74 

Uto.9 

-4.48 

-7.40 

-7.40 

0.72 

— 

Amlaj  4.90 

4 

-4.72 

-5.44 

-7 .03 

1.04 

0.79 

tlto.9 

-4.47 

-4.44 

-4.44 

0.47 

(a»  411  ral 

Ml  is  «Vo 

EltiMUd 

aaaartalatjr 

la  tba 

arpariaaatal  bladlag  aaargiaa  la  0.1  a?. 

(b)  raf.  20 

(c)  raf.  22 
(4)  tbit  work 
(a)  raf.  11 
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Figaro  Oagtioas 

(Fig.  1)  AIVIS  iiMtfi  of  oiooa  AsBa^  (001)  ((l  takaa  at  aanal 

aalaaioa  vitk  tko  aaaglo  at  root  tsagsratars.  Tk a  liaa  lakslai  A  akoaa  til 
goats  that  ha ?a  kaaa  a saigas*  to  traaaitioaa  fna  tka  sssoai  a-a  kaai  of 
AaBa^.  Faataroa  1  aai  B  kaaa  kaaa  aaaigaai  to  a  aarfaaa  Oaklagg  gross a a. 
Liaas  C,  D  aa 4  0  ladies t a  talk  traaaitioaa  fna  tka  Aa  54  agio-arkit  aalit 
1 reals.  Fi sally.  tka  goats  lakslai  F,  afclak  lia  ia  a  kaai  gag  ia  AsBa^ 
aloag  A,  kora  kaaa  assigasi  to  a  aarfaaa  atata. 

(Fig.  2)  ABIES  assets a  of  alaaa  AalSg  (001)  (V5  sfIi)B45  takaa  at  aaraal 
aalaaioa  altk  tka  aaagla  at  rasa  tsagsratara.  Iks  1  las  lakslai  A  akoaa 
gaaka  tkat  kaaa  kaaa  aaaigaai  to  traaaitioaa  fraa  tka  aaaoai  o-g  kaai  of 
Aalsg.  Faataroa  B.  C.  aai  B  aorraagoai  to  tka  54  kaaia.  aai  D  arlaa  fraa 
aarfaaa  atata  aalaaioa. 

(Fig.  S)  ABIES  agaatra  of  alaaa  AaOa^  aai  Aal^  tkat  aataai  to  kigkar 
kiaiiag  aaargiaa  to  ravsal  tka  0a  Si  aai  Ia  44  tarsia. 

(Fig.  4(a))  Tka  kaai  strastars  of  alaaaatal  Aa  aloag  A  of  tko  fos-lattiss 
Brillomia  Zoaa.  Tko  kaaia  aara  aalaolatai  aaiag  aa  iatargolotioa  aafcaaa 
tkat  aill  ka  isaarikoi  ia  iotail  alaaa kora. 12  Tka  garaaatara  aaai  ia  tkia 
sal  ealatioa  aara  ia  tan  las  4  fraa  of  tka  gaaitiaa  of  tka  Aa  Si  kaaia  at  p  aa 
aatiaatai  fraa  tka  aanal  aalaaioa  ABIES  data  of  Bafa.  20  aai  21. 

(Fig.  4(k))  Baai  atraatara  of  A4«j  aloag  A.  Tka  iattai  liaas  vara 
aalaalatai  kg  tka  aaaa  iatargolotioa  aakaaa  tkat  vas  aaai  far  alaaaatal  Aa. 
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Til  Ultlll  Itltt  MlilHMtl  Of  tko  flclMitlliM  IfMlitltN  If*  AMI  II 
or  olroloa  oorroapoaiiag  to  itroai  or  aoak  foataroa  la  tko  apootro 
of  Fig.  1,  rtmtiivily.  For  tyakala  vkoro  tkoro  in  ao  vortical  liaoa 
Irticatiag  tko  iwrp  oaoortalaty  ia  looatiag  a  poak  la  tko  MRS  apaatrta, 
tko  koigkt  of  tko  ayakol  oorroopoaio  to  or  aaoooia  tko  oaoortalaty  la  tko 
aiiiwaoit. 


<Fig.  4(a))  Saao  ao  Fig.  41,  oaaopt  for  iilij .  Tko  a^aaroo  aai  olroloa 
r opr ooo at  poako  la  tko  aaaotra  of  Fig.  2. 

(Fig.  S)  Tko  iiaporaioa  of  tko  foatarao  aaalgaoi  ao  oartaoo  at a too  1a 
(ogaaroo)  aa i  Aala^  (olroloa)  oitk  k(|.  Booaaao  tko  aarfaoo 
roooaotraotloa  ooaalata  of  too  parpoailaalar  Aaaaiaa.  k(|  aarlaa 
aiaal taaooaaly  froa  f  to  J  aai  f  to  1*  (la  tko  aarfaoo  SZ)  aa  tko 
pkbtoolactroa  oaioaioa  aagio  ia  rarioi  la  tko  [110]  at  teat k.  Ika  too 
parpoailaalar  aarfaoo  R  aro  okoaa  la  tko  laaot. 
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